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Abstract
The fourth cooling test of the superconducting DC power transmission system of Chubu University was conducted in
August of 2011. The heat leak from the cryogenic pipe and the eﬀect of reducing the outer pipe temperature were
tested. The heat leak from the cryogenic pipe was improved relative to that recorded during the second cooling test
performed in the previous summer, a season similar to that in which the fourth cooling test was conducted. A signiﬁcant
reduction of the outer pipe temperature was achieved by an infrared reﬂective coating, and a reduction of the heat leak
was observed.
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1. Introduction
We completed the construction of a 200 m class superconducting DC power transmission system at
Chubu University, named CASER2, at the beginning of 2010 [1, 2, 3] and performed four cooling tests by
the end of autumn in 2011. During the cooling tests, the temperature of the liquid nitrogen was measured
under several experimental conditions and the amounts of heat leak were estimated [1, 2]. In the case of
superconducting DC power transmission, heat leak to low temperature parts determines the eﬃciency of the
system. Therefore, reduction of the heat leak is important for application of the superconducting DC power
transmission system to actual power grids. In particular for long distance power transmission, the heat leak
from the cryogenic pipe accounts for the majority of the losses of the system and reduction of this heat leak
is essential. We have therefore been making eﬀorts to reduce the heat leak of the superconducting DC power
transmission system [4, 5].
The cryogenic pipe of CASER2 is a coaxial double straight pipe [1, 2]. The space between the outer
pipe and inner pipe is evacuated for the vacuum insulation. The cable is installed and liquid nitrogen
ﬂows in the inner pipe. Reducing the outer pipe temperature of the cryogenic pipe is obviously eﬀective
in reducing the heat leak, because the radiative heat transfer and conductive heat transfer strongly depend
on its temperature. Since the transmission line of CASER2 is installed mainly in the outdoors, strong
sunlight during the summer heats the outer pipe of the cryogenic pipe. Thus, experiments in the summer
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Fig. 1. Layout of the cryogenic pipe of CASER2. Positions of the platinum resistance thermometers, which measure the liquid nitrogen
temperature, are indicated by TP1 to TP7. Positions of outer pipe temperature measurements are indicated by TC1 to TC4.
provide stringent tests for liquid nitrogen circulation and the heat leak. In the experiment during the fourth
cooling test, the eﬀect of reducing the outer pipe temperature was tested. An infrared reﬂective coating was
applied to the outer pipe surface to reduce the heat caused by direct sunlight. The temperatures of the outer
pipe surface along the cryogenic pipe and the temperature increase of the circulating liquid nitrogen were
measured. Based on the temperature measurements, the heat leak of the cryogenic pipe was estimated and
compared with results obtained during the ﬁrst to third cooling tests [1, 2].
2. Experiment and results
Figure 1 shows the layout of CASER2. Details of the system are explained elsewhere [1, 2, 3]. The
length of the cryogenic pipe of CASER2 is approximately 200 m and nearly 85% is laid in the outdoors
with an L-shaped conﬁguration. The temperature of the liquid nitrogen circulating in the cryogenic pipe
is measured with platinum resistance thermometers, which are set at 7 positions along the cryogenic pipe,
TP1 to TP7. Each position has two thermometers on the upper and lower surfaces of the inner pipe of the
cryogenic pipe. About 60% of the cryogenic pipe in the outdoors receives direct sunlight during the daytime,
while the remaining portion is under trees and therefore lies in the shade. As a consequence, temperatures
at diﬀerent positions along the cryogenic pipe and at diﬀerent times of the day are quite diﬀerent.
It is clearly necessary to reduce the outer pipe temperature of the cryogenic pipe in order to reduce
the heat leak. The portion of the cryogenic pipe receiving direct sunlight is heated. An infrared reﬂective
coating was applied to part of the cryogenic pipe surface to test the eﬀect on reduction of the outer pipe
temperature. The coating was a ZEFFLE infrared reﬂective coating construction of Daikin Industries, Ltd.
It is ﬂuoropolymer based coating in which tetraﬂuoroethylene is used as the ingredient of the resin backbone
structure of the varnish and titanium dioxide is used as the white pigment. It is a painted coating, which
allows the pipe to be coated easily in the outdoors. Only part of the pipe between TP5 and TP6 was coated,
which was about 23% of the length between TP1 and TP7 and which received direct sunlight during the
daytime. As seen in Fig. 1, since portions of the cryogenic pipe between TP2 and TP3 and between TP5
and TP6 run parallel to each other, sunlight conditions are nearly the same. By comparing the temperature
increases of the liquid nitrogen between TP2 and TP3 and between TP5 and TP6, the eﬀect of the coating
on the heat leak can be determined.
Figure 2 shows the outer pipe temperature along the cryogenic pipe. The temperatures were measured
on the outer pipe surface of the cryogenic pipe and on the opposite side of the illuminated surface in order
to avoid heating the thermocouples by direct sunlight. The approximate positions at which the temperatures
were measured are also shown in Fig. 1. Overall, the temperature rises in the daytime and falls in the night-
time. The temperature of a non-shaded position is nearly 20 degrees centigrade higher, at maximum, than
that in the shade during the daytime, while temperatures become almost the same during the nighttime. The
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Fig. 2. Typical outer pipe temperatures along the cryogenic pipe. TC1, TC3 and TC4 are the temperatures of the cryogenic pipe surface
in the sun, in the shade and in the laboratory, respectively. TC2 is the temperature of the cryogenic pipe surface on which the infrared
reﬂective coating was applied.
Fig. 3. Left axis represents the ratio of the liquid nitrogen temperature rise between TP2 and TP3 to that between TP5 and TP6. The
terms “Upper” and ”Lower” denote temperatures measured using platinum resistance thermometers on the upper and lower surfaces
of the inner pipe, respectively. Right axis represents the typical temperature on the cryogenic pipe surface. TC1 and TC3 are the
temperatures of the cryogenic pipe surface in non-shaded and shaded conditions, respectively. TC2 is the temperature of the cryogenic
pipe surface on which the infrared reﬂective coating was applied.
strong eﬀect of direct sunlight can be seen in this ﬁgure. The temperature variation in the shade is very simi-
lar to that recorded in the laboratory, although the variation in the shade was slightly greater probably due to
movement of the air. If the weather is cloudy and not warm, the diﬀerence between shaded and non-shaded
temperatures becomes small, such as that recorded on September 5. On September 9, the construction of the
coating was ﬁnished. Although sunlight conditions were nearly the same, the temperatures of surfaces with
and without the coating were quite diﬀerent. The temperature was reduced by over 10 degrees centigrade
due to the coating. On the basis of the reduction of the outer pipe temperature, a reduction of the heat leak
is expected.
The eﬀect of the reduction of the outer pipe temperature on the heat leak is shown in Fig. 3. The left
axis is the ratio of the liquid nitrogen temperature increase between TP2 and TP3 to that between TP5 and
TP6. The terms “Upper” and “Lower” denote thermometers used on the upper and lower surfaces of the
inner pipe, respectively. Outer pipe temperatures are shown for comparison. Data of the ratio are rather
jagged and undermine the accuracy of the measurement system, but there is an obvious rise in accordance
with the rise in the outer pipe temperature for positions exposed to the sun during the daytime between 6:00
and 18:00. It should be noted that the ratio during the nighttime, in which the three outer pipe temperature
curves almost coincide with each other, is not unity. This is probably due to the structure of the cryogenic
pipe and the heat leak therefore is not completely the same for the two regions. The ratio increases by
around 10% from the nighttime to the daytime, which means that the heat leak is reduced by approximately
10%. By reducing the outer pipe temperature, a non-negligible heat leak reduction is obtained.
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Fig. 4. The heat leak measured during the ﬁrst to fourth cooling tests. These values are arranged according to average outer pipe
temperatures. “1st”, “2nd”, “3rd” and “4th” denote data measured during the ﬁrst to fourth cooling tests, respectively. “Upper” and
“lower” indicate that the temperatures were measured using platinum resistance thermometers on the upper and lower surfaces of the
inner pipe, respectively.
The results of the heat leak measured during the ﬁrst to fourth cooling tests are shown in Fig. 4. The heat
leak was estimated using the temperature rise between positions TP1 and TP7, a distance of about 175 m,
the measured ﬂow rate, and the published speciﬁc heat capacity of liquid nitrogen. Although the platinum
resistance thermometers were calibrated before they were set at their positions, the calibration was checked
in situ using the procedure described elsewhere [1] and the measured values were corrected by the result.
Data are arranged with respect to the average outer pipe temperature. The outer pipe temperatures were
measured at the points shown in Fig. 1 and the average outer pipe temperature is the weighted average of
these temperatures by the length of the pipe in the sun, in the shade and coated. The error bar of the outer
pipe temperature is the range of the measured outer pipe temperatures.
The heat leak was reduced during the cooling tests [1, 2]. It might be diﬃcult to see the eﬀect of the
coating applied between the third and fourth cooling tests on values of the heat leak because only 23% of
the cryogenic pipe between TP1 and TP7 was coated at that time, and variation of the heat leak following
application of the coating was smaller than the estimated uncertainty of the measurement. The reduction of
the heat leak during the fourth cooling test relative to the second is mainly derived from the improvement
achieved between the second and third cooling tests. During this time, the number of supports for the inner
pipe was reduced and parts of the inner pipe that had not been wrapped properly by the multilayer insulation
were also amended [2]. Application of the coating to the whole cryogenic pipe would lead to a reduction of
the heat leak during the daytime. Our research group is planning to further reduce the heat leak of CASER2.
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